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L . G 

sior.al ’xhavior of s i l i ca t e s  as re lated ts the luar swface. In addition, 

hc-csuse t h i s  is t he  first report since k i t l a t i o n  of t h e  stud;., a br i e f  r e v i e w  

is gTvec Oi’ pre.ser.t ideas 9 s  t 3  t:le nature of fricticc-aa,esion, of previous work 

re?at i r ig  t o  t h ? s  stu$:r, ard of t h e  l;hjsic,l3 mture of silicates. 

1.2 n;rFose a.d Txprtar-ce of P r c g m  

The prk1- j  p u r p s e  of this p m g m  is tr, o’ltein quar-titative e q e r i z e n t d  data 

coxern ing  -the ultrc-ni& -racuu(il aZiesixzG-l^rircionai behavior ol” ihe materials 

which m a y  presectly exist at the lunar surface, and between these an6 engineeri,n,n 

materials which nay be placed *spar, the surface. 

these data Kith regards t o  the poss’_’clc reactiozs of granular iuriar materials t 9  

engir‘eering cq~raz2czs, =xi to imes t iga t e  ~eaii t ;  L:r. vhtck t h e  Frat-lems, if zry, 

posed L y  these reacliozs 3a;r ke Einln ized .  

A r l t i i t i - m a l  purposes are t o  analyze 

”he hportmce of t h i s  program is that a&csiorSi.-frictiorial pinenmena nay pose 

serious problclrrs t o  lJm.ar surface operatims, arid as yet  very little pertiner,t i n -  

formation is available. 

1.3 A?proach 

‘rhe Zpproach l s e d  in the firsz FLhase of this study ( the  approach f o r  subsequent 

phases w i l l  be detailed at c? later t k i e )  is to cLtzLr, c2uu;tit::t;ve 6ata relat ing 

to t he  adhesion force as a f w c t i o n  of lond fcrce,  tfJrrperrt-k*xre, t;i_ne of s i l i c a t e ,  
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n c r y s t a l l h e  o r f e n t a t i o n ,  and surface 2wparstion; and tken t o  use these &ta t o  

ansiyze the possible behavior of s i l iw tes  at the  ltrnar surface and the  problems 

t f i l s  3 % ~  pose to lunrtr orperations. 

S b a e  cr j s ta l s  of each mineral. are used s i x e  this allows one t o  obtain under- 

standing as t o  the  basic physics of silicate behavior i n  ultra-hi& vacuum. 

forces are applied by means of aa eiectr.srag,et which is placed outslae the vacuum 

system, thereby reducing vacuum problem. Since t h e  few available data indicate 

the  s i l i c a t e  adhesion forces may be mall, the a?proach used i n  this study is t o  

use as sensi t ive a~ adllesion m.eas.xring spmratus  a6 poss ib le .  

teen made t o  use rr.icmbalance techniques.  

mployed are given i n  follovfng sections.  

Load 

The decision he6 

Details of the  experimental techniques 

2.0 a W Y  OF PREVIOUS WDRK 

2.1 

Tile genera l ly  accepted theory of f r ic t ion  is t h e  so-called "adhesioual'* of "weld- 

jwct ion"  theory developed by E d e n  aid rnaiii others. 

only the barest oritline of It need 'ce givefi. 

surfzices are placed i n  coctact the  load is borne by a few contactirg surface 

asperities. 

of contact is suff ic ient  t o  support the load. 

of one surface are wi th in  range of t h e  attractive forces of the a t m s  of the  other 

surface and adhesive bonds are fomec:. Tne stren&fi of these bonds depends upon 

whetLer t h e  Icteractioris are between atms of t h e  bulk  material o r  between sur- 

face cont,uninents, being greatest  i n  the zilsence of contamination. This leads 

icloled:ately to  the concept tkat friction Is yrcduced 'J;' the  force required t o  

Concepts of Friction ar'd Adhesion 

It is so w e l l  known t h a t  

This t h e s q -  stc tes  that wher. two 

"he high pressures developed cause p las t i c  f l o w  until tile true area 

A t  these points of cor,tact a t m s  
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preprat .  i XI . 

Tnere are t w o  other importaiit factors r e l a t ing  to surface prepamtion. 

the  aegree of surface roughness and She effect  of surface preparat im upon the  

pipico-chemical state of the  surface and near surface layers. 

f r i c t i o n a l  ro le  played particular3y b y  extreme swface  roughness I s  obvious. 

most engineering applications t h e  mugluiess is such that it i s  generally dls -  

regarded 88 a separate f r l c t l m a l  tern. However, for the  uncierstandnng of soi l  

tehav5or it becmes of consideraLle hiportame. 

cbriges e m  be produced 5;- poliskdng. 

state caa be foirmed in the immediate swface hj jers .  

sidera'oly less Pmpcrtance f o r  s i l i ca t e s  t h a n  for metals, m u s t  be taken i n t 3  

These are  

me s lgr i l f icmt  

For 

Significant physico-chemical 

Ir: particullar,a glassy or cry-ptxrystalline 

This e f f ec t ,  though of COL- 

ac:cour,t. - i t s  L-fl&;rt;;ce frictioa&. p;ieueeE w-i11 E+-i&Et &Gz%&- b+*en 

the  r o l e s  played by c r j s t a l l i n e  structure and the sature ard t y p e s  of a t m i c  bond- 

ir-g w c  discussed. 

Oce consequence of the 1'adhesf31i'1 t heor j  of f r i c t i o n  is that a finite force should 

be required TO separate c o c t a c t l n g  surfaces. This force has indeed been detected, 

bu t  oriljr urirler c e n a i n  conditions. 

surface cleaning m a n y ,  but n o t  all., materials have keel; found w adhere, s a e  quite 

strongly. Uniortuiiately, despite these findings, essertielly no quantitative data 

are available.  Aoother ccnditisn u&er which materials on occasim have been fourid 

t o  adhere is when one or  30th is of su2'ficieritl.y l o w  hardriess (or the load force 

suff ic ient ly  hi&) for bulls pladAc flow t o  occur. 

i n  many cases has been ascribed variously a s  Leing Cue t o  the actioz; of released 

elast ic  stresses, the  presence of oxide layers, the  presence of aLsorbed gases, and/ 

o r  the gmrerd. i ncmpa t ib i l i t y  of  t h e  materials cconprisirig t h e  surfaces. 

One such cor-xiition i s  vacum vhere with suita5le 

The lack of observable adlesion 
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segamted t o  tte extent tliat t h e  cormal a t a i c  bonuirig forces cannot cane i n t o  

play across the Interface. 

t h e  zc?scrbed gas mlecu les  which a r e  cf the weak V s a  der  Walls type. 

vhich appear t o  be valid, add additional var iaLles  t.3 f r ic t ioml .  phenmeria: atcpaic 

bond t ; r p e ( s )  present and act ing (direct ional ly  and s t rewh)  and crys ta l l ine  

structure. 

face structure, noted earlier,wfiich may be pmduced during surface prepratio- now 

Secmes apparent. 

The o n u  remair,iog ac t ive  forces a re  then those betveer, 

These cmcepts ,  

The importance of physico-chmical alterations i n  surface and near-sw- 

mcse cclccepts led t o  the iritrociuctiorl of the "work of 9ci4;esion" by Rabinowltz 

(1$1), a quantity associated with the surface free ecergy which i n  turn is sane 

function of the ataxic Lorid types, crjrstal structure,  and crystd.1ine orientatioo. 

This ( I ~ C P ~ ~  E!& t h e  gi-wbiems associated with it ha-qe been discused by Spalvins 

and KeUer (1%). 

importance of the  contained variables have been ob ta ined  by SKjlvins and I(kller 

(le), FCesz an6 Weber (1%2), Duvell (1%2), S t e i j n  (1$3}, Roshm (194) and 

&hers. 

detailed ur.c?crstwAding of these vusiablcs c m .  be achieved. 

Experimental data relating t o  t h i s  concept aiid indicating the 

Uai*ortui-iately, E considerdcle mount of work r m a i n s  t o  be doce before a 

The various variables of frictior,aJ.-czc?hesiond phenanena are listed, f3r con- 

venience ,in Table 1. 

variables ,  there i s  no assumnee that t h i s  is ac tua l ly  the  case. Also, it is  

c?iff icul t  at present t9 weigh  t h e  relative 'Lnmrt-mce of each. 

Though these may appear t o  c w e r  the entire l i s t  of possible 
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Atanic Related Variables 

* Atcmic bond type - strength, directionality 

Cxystall ine structure 

Interface R e l a t e d  Variables 
-1_ c 

Roughless (including mu.,&: ess r e g u l a r i t y )  

Cmtmtnat ioK (t:Ge aai ie5m-e of) 

Junction Ckmet ry  

C r y s t d l i n e  0rientc.t iors  

3 0  E ~ l a t c d  Variables 
-I__ 

Hardness 

E h s t l c  & rZsEtic I’rqm-ties 

S t r e n s h  Properties 

Miscellaneous 

Temperature 
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2.2 &pez--imectal Etd dence for  S i l ica te  Adhesion 

There is  as yet no d i rec t  evidence as t o  t h e  c sqms i t ion  of t h e  1ura.r surface. 

Hmever, thou& the  indicrtions prnrided by t e r r e s t r i a l  and meteoritic materials 

it i s  generally believed that t h e  sur face is ccunposeii primarily of s i l i c a t e s .  

fortunately, there i s  at present n3 &reat abunc?ance of data relating t o  the 

adhesion of s i l i ca t e s .  

Un- 

The e a r l i e s t  h r k  of interes% appears t o  b e  t h a t  by Tanlinson (193, 1930) and 

by Stone (1930). 

a t  l c a s t  h i s to r i ca l ly ,  a s i l i c a t e )  balls and fibers, detecting forces between the 

spheres as large as aye g s m .  

t ious  of the  adhesion as being atcmic were challenged by Ztcr.e, but apparently no 

sa-bisfactory resolution of t h e i r  differences was achieved. 

however, t ha t  the work was done in air and even though careful elemi% teehiques 

w e r e  used, a reasonaiilj. large amount of surface contamination, ycr t icular ly  adsorbed 

water, was undotibtedly present. 

experiments with ~ u a r t z  spheres, i n  a i r ,  f ind ing  ad3esional forces as l a r d e  as 

0.15 @;ta. 

to surface charging, it is likely that at least a mom-layer of adsorbed water 

was presentmdhence it is d i f f i cu l t  t o  say w h i t  f ract ion of this adhesion force w a s  

indeed due to atanic  q?tartz-quirtz IEteractior,s. 

micas have be= performed but  these are of no par t icu lar  use t o  t h e  present problem. 

Tailinson mess&-d aCheslor, Letween glass aiid quartz (not s t r i c t l y ,  

Tmlir,son's resu l t s ,  particularlj kis h t e r p r e t e -  

It should be noted, 

More recently,  Harper (1955) perfomed aihesion 

Though he presented convincing ergne::ts % b i t  these forces were not dse 

A few additional experiments w;,th 

It Gas not been u n t i l  t he  last f e w  pars t h a t  tile first ~xperiments i n  vacuum were 

perfcned. These have demonstrated t h e  presence of s i l i c a t e  adhesion. Salisbury 

e t  al (1964) conducted experiotents with polycrjs ta l l ine s i l i c a t e  powders a t  a vacum 

i n  t h e  nid 10 - 10 mm Hg range. They found adlherence of t h e  powder grains 
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( Z  5 li i n  dianeter) aid 

N -7 - 2  - 2 x 1 0  e. xrl 

(e .g .  ior-ic-electronic) 

made a ro@i calculation that t h e  adhesion force w6 

tliese exyer-bents there was no high tmperatLL-e o r  other 

outgassing attempted and t k A e  adhesion was tht under 

esseritiafljl zero prior had.  

(I%)+) who stldiec larger  grains (up t o  140N in d i m e t e r )  at pressures of 

6.3 x 10-l' to 1.3 x 

fomd that the force of adhesion (with no pr ior  loading) i nc reased  with particle 

slze,  Seing in excess of Z ~ O M  g for the larger particles. They noted that if  

pr i9r  l m d i n g  had been w e d  the adhesicn force m a y  have been siwificaqtly greater 

tiza.a t h i s .  

u?on puwders, bm of about ii. d i a i x t e r .  Tf.e pressures o3ta.ined were i n  the 

FrcM 

%is work w3s I"Cl10~ed by that of Stern and Johnson 

m Hg and with one day outgassing at about 100°C. They 

Additional experioerits h s e  been perfomed by Halajian ( l k x k ) ,  also 

hi& lo-'' rn Hg range mid the system was mintaincd contir-uousw a t  ;lOO°C. 

H a l n j i n ~ ' s  r e c C L ~  GSZ i~-. i~&e a rD@ calculation as t o  the adhesion force, 

utilizing the nethod applied by Salisbury, f ind ing  that it vas at least 3Or  g. 

Much more ~eeds  'ce dme before es-en a reusona3le u n d e r s t a d i n &  of the ultra-high 

vacum kehavior of sil icates caii be rezctLe2. 

under co::tru?lled c o n d i t i m s  should 5e  cbtaixed. Tkis irrt-olves discaniing the  

poiycr j s t s l l ine  powriera previ c~usl j .  wet i  a::d uti1isii:g i n s t e d  s ing le  c rys t a l  samples 

of part2cula.r s i l i c a t e  s;iterals. I.Jitii these, effects of c r j s t a l l i r i e  ol-ier,tation 

can be  irwestigated ahd q m t i t a t i v e  data concern-ing load vs &lesion force a d  

terr?perature vs &?esion force c w  k e  &i;tained. 

should be r e a l i z e d  ty raisiw the  samples t o  tenpratutces n o t  very much less than 

t h e i r  ~ e i t i q  point, or !y usi2g i cn -e l ec t ros  Safoardment. 

In p m i c u l a r ,  quart i ta t ive data 

Also, improved surface outgassing 

9 I 



3.0 THE SILICATES 

it is of i a t e re s t ,  since the majority of effor t  durira this stu& is  concentrated 

upoc t he  s i l i c a t e s ,  to o u t l i n e  Sriefly the pllj.sical r a t u r e  of s i l i c a t e  systems 

such as 3ccu- i n  t e r r e s t r l a l  ar.d rneteorltic materials. 

The silicates are 88 a whole highly stable structures. The basic building unit 

of all s i l i c a t e s  i s  the si l ica Letrhedror. cousisting of a s i l i con  e t a  (at the 

center) surrounded t-;r four aq-gens ( a t  the v e r t i c e s ) .  

i s  ir-temedidte between 8 p y r e  cmalei1C a d  pure ionic type. :%e wide diversi ty  

w l t t i n  %e s i l i c c t e  f a i l y  can be eqlaizei i  by t he  vusly’i:-g degrees to which thcse 

oxyger, 3tms axe S.?XUI by a secord s i l icon ,  also by the Tact that there  are a 

Ember of other atoras which can ei t3er  s u b s t i t u t e  fo r  t h e  s i l icon (such as 

a l m i n t m )  ny P-Z e-n.+,er izts the geucrai. k t t x e  (such a potassium, sodium, calcium, 

barium, alminum, and the OH- radicdl). 

cates are generslljr +grouped i n t o  six classes: 

( the  or thosi l icates) ;  douhle tetra??edrd structures (dimers); r i q  structures; 

chair- structures; sheet structures; mid G h e e  dimenciocal networks. ti wide 

variety of‘ miceral types are  found within each class due t o  the  introduction into 

t h e  l a t t i c e  of various i t if ierent atom. 

The sfUcorA-oxygen bond 

On the  basis of oqgen  sfisring the sil i-  

independer,t tezrshedral groups 

The general character is t ics  of each class are as follows: 

(1) Independent tetrahedral groupo 

i’io oxygen5 are shared and each silica tetral&ron i s  i i l  t h i s  sense independent 

of all otiiera. 

m j g e r s  and cations other than silicon. 

are olivice (en kpxtant cocstituent of neteori tes)  and the  epidote poup  

of minerals. 

Ti:e crys ta l  iiitegr”itJ i s  nak tahed  Ly bonding between the 

Exazples of t h i s  t~pe of s t ruc ture  



( 2 )  i k x i i j ~ e  te ixcdLedrz l  st ructures  

Tile tetrd?&ra t\ccur i n  pairs with a single o v b e n  per p u r  Leira sh red .  

Each Wir  is separated i'run all other pairs, the r a i n i n g  oxygens bonding 

x'ih catioris other tkm, sil icoc.  

siirnrn 5;- hmimorphite. 

An example of t h i s  type of structure i s  

(3 )  RinG structures 

Fm oi:;rger;s a t m s  per tetrdiedros are shared. The tetrahedra forn rirds 

c m t a i n i n g  TWO, three, four c)r six tetrahedra per ring. "he remalnirs 

ox,-;ecs 5oriu with c a t i m s  other t han  s i l i co r* .  &I example of this ciass i s  

> e 4 1  ( s i x  tetrahedra per r i n g ) .  

( L j  Chain s t ructures  

(a) SirGle chain 

Two oxycens per tetrdiedron are shared ard t h e  tetmhedru. are joiceci 

i c t o  chaias of "infir.lte" ex ien t .  The chains normal to their lecgth 

are  bonded by s e w s  of liikages between the rmaiiiinp C > ~ Q ? I X  a d  

caticjcs o thcr  t h s i  s*licon. AE example nf <his iype or" s t ruc twe  I s  

gveii Ly tile pyroxene pc)up of minerals, re la t ive ly  h p r t a n t  c o n s t i t u -  

ents of terrestr ia l  i@:eous rocks, particulsrly t he  more basic var ie t ies ,  

nnd meteorites. 

( b )  muble chains 

Yne tetrahedra strare zltern~,telj- twc,  a i d  tYiee o;:ygerAr; fomlin,- Cotdle 

liriked chains of "infinite" e:rterit. 

are hrided by n e a s  of linkazes between the rariaizing oxymns and cations 

other tha& silicon. 

the  wplii5oie Sroup of ni:lerals. 

The chains  n o r m 1  t o  thelr  length 

;in example of t h i s  type of structure is given bjr 

11 



( 5 )  3.er t  structures 

Tlrree cnygen a t m s  are shared per setr&.eciron, t h e  renainlcd c.;-,en Lonrling 

vi t h  cn-kions o t & r  thz silito:,. 

plaaes of "icfifiite" ex tec t .  

I s  given by t h e  IcIcas, a relat ively c m o n  censtituent of t e r r e s t r i a l  igr.eous 

rock. 

%e silicon 'ourid& o:y&ens fonn p a r d l e l  

rn outstanding examgle csf this type of . s t ruc ture  

( $5) '=?lree-ciaer,siona networks 

A l l  clxygemi of each tetrat?e?.rs are shared kfzh  aii:a,cerit tetrehedxa. 

Z i v e r s i t y  of mhera ls  i n  t h i s  class resul5s fryln the rey1acemer.t of' sane of 

tf;e s i l i c o n  atcxx (ti6 the introductioi, 32 add.itiona,l a'tms i;&o the s t r u c t * m  

ta mFAr,tain charge :.eutraUt;.. An exmple cf t h i s  t;Te of s t ructure  is given 

uJ ..\- -GAUO~ULB, IIISX bportant  rock ax6 meteorite const i tsents  . 

The 

l-.. -2-7 7 - -  

';?le s i l i c a t e s  are chzracter',zed by slpLificant variation i n  bmd s t r e r j h s  31id bond 

t ; i p s .  

or more korxi t y p e s  ( w i t h i c  t h e  :onic-cuvdezt extrazes) =e c'12rmori. 

charactcrist:c fetlture of nmy silicates, is thus ex2lstir.ed as being due to tke 

grescnce of ;re&er (lor.ic) bondiw i n  cer ta in  directiocs; a lso  ox' course i n  pa% 

tcs t h e  ceme t r i c  cori:7ibw.rations of t h e  a tms  i n  thE: l a t t i ce .  

%e ioc2--cwalect  type bonds daminate, and x i t h i n  m j  giver! mineral t-do 

PleavGe, a 

It i s  of interest, i n  the  liat 01' t h e s e  c m n t s ,  t o  consider what t he  ultra-high 

vacum ir ictiocal-adiesional Le!:aT;ior of si l icstes may be. 

bonding v-iier- i333:Z c?ee;rccs si' Selni; nore icnFe or msre c3vjLer,t, and several 

ciiffere:,t types of t onds  cer! exist  iL a s:ngLe m i n e r a l  c y p t a l ,  t h l s  b n l i e s  thht  

the  s t r e n g t h  of adhesion i s  sensitive Soth to type of cr jc ' ta l  md crystul. 0:-ientation. 

F i r s t ,  since the  si l icate 

12 



:%-ani;, i m i c - c u v d e r L t  bonds =e xilore dir .ect1oral  thaii r n e t d L c  Sonci: m d  this 

fmp1:es tl-at to t h e  de,;ree t s  Thick t h i s  d i f fc rer~ce  is hportrrnt  t h e  a.esior ;a l  

forces ':etwter, silicates skoul3 be ziG5flcactl.y l e s s  than those between metsl  s 

(it also i ap l ies  a decided c rys ta l  3rier:zatlon sensitivity). 

;iardr,ess and br i t t l eness  of s i l i c a t e s  also h p l i e s  sane signii'icari: ciegree of 

elas+,ic recovery upxi  rer;icval of lozd. Z?is also indicates that silicate adhesion 

nay L e  less t F i A  that of the me-cals, at l e a s t  fo r  those rcetals folt?d t o  adhere. 

Finally,  the re la t ive  

L .o ?IIztRmm*:17:ITIOI4 

L.l Vacuum 3 y s t a  

3.e vacumi s y s t m  fo r  this s t i e  has beel; F s s a k l e d  dwixg  this q~czrter. 

cocsists of f o w  ula,jor parts: 

c h z ? x r .  

prot.ides the i x t i a l  punplrg dani t o  a pressure of lo-'' - 10 

It 

i'Qrepmp, c ~ l d  t rap,  ion  sump, and the experjcentnl 

"he mechanical forepmp 

rn Hg. !The cold 

Tfiis s p t m  is sho~rr, schematically i n  Z'igure 1. 
-4 
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trap ( l i qu id  nitrogec) is utilized t o  wevent migration of oil vapors into the 

experinestal chaaber. It i s  degreased pr ior  t o  every pwpdnm. The ba-sic -mit 

for obtd.nir;g ultra-hi@ vacum is the ion pump. it ban a pumping speed of 200 

liters sec'' at a pressure of 10 

IO-' and mid 10 x n  Hg. range: 

ran@. 

apparatus and with only nderate  bakeout, 'nave given pressures or' about 2 x 10-l' 

-0 m Hg. Its speed decreases slowly throu;;h the 

-10 -32 it has a rated u l t h a t e  in the 10 m Hg 

Prelinimy p~mpctowns, without the presence of the  cmplete  experimental 

nm Hg as read by a "nude" Bajard-Alpert ionization gage .  God agrement  bas  been 

fomd between readings given by this gage and the pressure indicated by the  ion 

pmp current .  The Wriroectal chmLer, along w i t n  t h e  ion itself, coxs t i t u t e s  

t h e  LLtra-Ng3 vacum part of The system. This section is separated fran the fore- 

p*mp arid cold t r a p  by m e a m  of an ultra-&& vacuum bakable velve. 

closed durSr,g operation of the  ion pump. 

This valve I s  

The ultra-bdgh vacuum section is of all-metal  c m s t r u c t i m ,  principally 304 Stain- 

less, with the vacuum sea ls  'oeing-nade by means of co;;.lxr and gold gaskets. 

chznber itself cons is t s  of a six irich (diameter) t e e  and a six inch cmss upor- 

which are mounted the  lad application arid a&esion measuring system (see Figure 

2 ) .  One 

l i3e-a  cation feedthrmgh and an ei&t pin electrical feedthrough are instal led '3n 

the top f l a n g e  of the  tee (see F i g m s  2 and 3) .  

contains the s m p l e  holder (see Figures 2 ,  3 ,  and 4 )  and provides means yvhereby 

an electrmagnet and a heater can be ayplied externally to provide load force and 

hi& temperature outgassing respectiveu. 

The 

TJO viei.5ng prts  are jpovided to permit observation of tke experbent .  

me bottcm flange of the tee 

b.2 Load i2p2lication S;.stem 

load apDlication system provides t h e  load force to press the ssmples together. 

It i s  shown bes t  i n  Figure 4. The system exploys 811 electramagnet outside the 
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vacxtm &aibt.r aid a steel  hLz4:et i::side the -?mber. 

Lie upger sw.ple, has keen des9o-pd t o  meet Lhe conditions that its might s1101d.d 

n& cverlocul the adlesion neasurae:.t s j s t e n ,  'Ghat it at no tb.e cor,tacts ery 

other ccE;:ponc,?ts, that load forces up t o  N " 0 0  g s .  caii be a?plied, and t h t  the 

gesanetrie configuration be 6u-h that th? bucket rerzains sta5le ( i n  a - ien ta t ion)  

during opemtion and a;llars observation of tke contactirg s w h c e s .  

tions have been net successfWy w i t h  t5e exception that t h e  tucket wei& 

( GC.9  @) ;,as resul ted i n  s m e  f-oss of sensitivity i n  the  adhesion rneaslu-inc 

s;-sterc. 

'Eie Sucket, rest:,% 

These condi- 

';t.js is c?iscu=sed in the follo-dni; sectior,. 
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c o i l  t3 crsuse s e p a r ~ t i o ~  of the  sS2les .  

of t h e  k e a  frm the zero reference l i n e  m.4  tYiio*. obsemat i sn  of t h e  c o z t a c t -  

In.= sxrfaccs by wax of z ce%etmcter. The xicrobalbnce itself is attached to 

a precisior. l i n e a r  notion fceii+,hro@ with which t h e  :;dame ( m d  upper sample) 

may be raised or loii-ered, bripGicg t k e  samples i n t o  contact prior to application 

of ti.e load force, and keeping them separated during bakeout. 

Sepurrtion is iietccted t::ro@ rna~ement 

21 



5.2 SA&PLZ! CEiOlCk .Ai43 I?iE??iiRA!ITON 

FSi-e cy l te r ia  are wed i n  t l e  cholce of s-.r;ple. 

ye representative of t3e mere capmnoii1;r 5cCW:Lig i,-;rleouc rock ard neteorite sili- 

cate nii.erclls; second, tkt i n  so far as possiile the m i n e r d  suite should enconpass 

the Imcous rock r a g e  of acidic t o  ultrabrrsic; t h i r d ,  that eacL ~ m p l e  Le fis per- 

f e c t  (as r e g m i s  capetezc;., pl.rAt,y) an exmple of the cliosen mire- as can t.e 

0. tLLeci; fourth,  t:-at ir so far RS p o s c i j l e  a t  least 31.e exmpie of each hportuLt 

c r j s t d l  class be  sttdf&; a d  f i n d > - ,  that tLe smpie I;hysical pmperties be such 

t h a t  I t  carA v i t k s t a n d  the forniog q - ~ r a t i o n s  required i n  m p l e  preparation. 

Tkese w e  first,  tha t  tke s a p l e a  

22 
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artd ca l ihmte?  as +per t h e  i c s t r u c t i o n  nanual fo r  the balance.  The tuiit, is then 

insc.1-ted into the *.rac'uum system, t he  two smples alibTed ( m a  criected with 

respect t o  crystallir-e s t ruz ture) ,  a1.d the balmce zex rechecked. 

Gystem i s  then closed, the forrpump turned on es;d the c 4 . d  t r a p  f i l l e d .  

l iminary bekeout at acout 10O0-15C"C is performed, the  temperature being 

nonitored by six iron-constentan themocmples placed a t  st,rategic loca t ims ,  

also by a tkemis-lor attached t o  t h e  zicro3alance. Tne  Ion pump is then turned 

cs, the va1i.e scpar:&ting the low and h i s i  vncu'm parts of tke s y s t m  closed and 

t h e  xeeiianical forepmp turcec;  off .  h y  fu r t t e r  k&eoilt nezessnr- 1 E perfomed 

r r i t h  %Le ior, pump oc. 

The -iacuuu 

A-e- 

0 'The s a p l e s  arc heated to Z 700 - 
heating unit  is t h e n  removed, t he  samp?es cooled as q u l e k v  as y s s i S l e  (note 

there are lie coyger gaskets i n  t h e  imediate v ic fp i ty  c f  the sa?lples), and the 

e lec t r -aqnet  inserted (Figure L ) .  

ihe lower smple by mdns of ti;? precisirr: IL:!esr r:otictn Zeedtiiru, ca,-e beirig 

t&en t h a t  t h e  microtalc+cce ze ro  is n 3 t  Tiiai.geid* ';?le &sir& lo& farce is t h e n  

applied ai?ter which the electmagnet is c a ~ I ' u l l ; ;  vithdrsw. (to avoid residual 

n w e t i u n  pr51ms). 

iwtil evidence ST smple separatior, i s  r.o%ei,. 'i%e Lidhesioo force carl then be 

read d i rec t ly  f'rm the nicrdxlawe cofi t rol  u n i t  { l x a t e d  outs ide  the chanibel-) . 

C bmediatply prior to measurement. The 
I 

I 

I %?e upper samr~e IS Lowere6 i n t 9  c m t n c t  wit11 

I 

m e  current t o  :,he nizrsbal8nce coil Is slo.nly frxreased 

I 

Orie r i i teuyt  has been made t3 detect s23estoc. 

ir:g frices p w a l l e l  t c ~  die 001 p l m e  (the prrfect  cleavage plane for  orthoclase) 

and with the faces w i t h i n  10 

Two 9~-tnociase smples  wi th  csctact- 

l 

0 of atrmic match (ir.  angifier orientation) were wed. I 
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So lotlii Ysxe w3s 5ppl ied .  

S u t  the i rd ica t icn  W ~ S  nare;inal a ~ d  any d e f i n i t i v e  statements c o x e r r X i n g  t l i s  sre 

mmrrar.ted a t  the present time. 

s b l l i t y  t o  ol ts i r ,  sufflcirnt x i c u m ,  t h e  n;easurerer,t t e i n g  na6e Et a pressure of 

orLly 2 x 1 c - O  mm m. 

Sane iiidication 9f rnoasum'rlc. adhesion w a s  cittaixed, 

The main d i f f i c u l t y  with t h i s  attempt was the in- 

The systen was helium le& tes ted arid three " l z ~ g c "  Teaks were fotlnd a m m d  the 

vacclum seals: one i i i  t!ie upper t e e  f l a g e ,  one i n  the Xmar m t i x  feedthrolai, 

ar-d or:e i n  t he  c l e c t r i c a l  fee&%hrou& ( see Fi6ix.e c" ) . 
t hese  leaks vere sdf'ficler.t t:! F r e . a L  t1:e desired presswe f r m  being reached. 

Inspection revealed tha t  t he  fkinges were k-,srpd, presumal?ly d w i q  t h e  welaic,- 

(tkis has been a recurr ind prchlepc). 

of annealed w p p e r  gaskets did not seal the  leaks. Indium maskets were c s ~ t  and 

these were found t o  w w k  qxite i,7ell. ::mez'er, it was Gecided tha t  c3pper g:esI-.ets 

w e r e  preferable due to the p o s s i b i l i t y  ef s m e  of' t h e  inil'um enerir tg  the W,& 

teuyern turc  ?art c~f  t h e  system. Acewdi:&.y tLe upper t e e  flange, w i t h  ssssciatcd 

feedtf;rm&s, is beinq refabrLcated. 

&I culatior-s i. rdiested that 

Rcplaclm; c-f idhe copper gaskets arid t h e  use 

%ere are several  urresolved questions t h a t  nust be aswered i n  the  near fu ture .  

First, it must be deternined whether with t he  nfcrobalance 11, t h e  system pressures 

i n  the  low LO m Hg r w -  can indeed be obtzined. Calciflations, as noted 

prcviously,  indicate t h i s  can be done and the  IT;arLufacturer s t a t e s  it can be done. 

Earever, uti1 .this is experimentally verif ied in the present s y s t . a  it m s t  be 

cmsidered an uncertaicty. 

be necessary to semi-isolate it frm the m a i r .  system by mecns of a hi& i q e d a n c e  

feedthrough tube,  and t o  apply secondary punping. 

-10 

~ n ~ I . 6  t h e  micmbalar,ce Frovide dif ' f ic*l l t ies  it Kill 
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The second quesiior! a lso cmcerIG the  microbfiance. 

&lesion noted previousljr, tLe Salance, at sa l e  w.fort<matel;{ un!mnm time during 

D u r i n g  the  a t t m p t  t o  measwe 

t h e  ouf,gzssir4, drifted frcxn its zero sett in&. It i s  not PiYsentlj. h u m  whether 

t h i s  was normal long-term d r i f t ,  whether it was due to t h e  ef fec ts  of ?eating u p n  

the  balaxice nechazsm (this must be considered u n l i k e l y  or? t h e  basis of subsequent 

exmiwition ana s ince  the balance temperature never exceeded t ha t  allowable 1 ,or 
whether it was due to loss of sample weight ( the  unbalame wit6 i n  t h i s  direct ion) .  

Jn order t o  cireLruvezit this ef fec t ,  assLrmi:i& :t nay w e l l  occ*xr again, we have re- 

?laced the originally used wpper counterwci&its w i t h  ~a~:.rminirm (nwh 1a-r melting 

p o i n t )  sad 2lat.e shielded t h e  alumir,Um i%m t h e  samples. 

that any iinh~lnnce can be corrected through reduct ion  of the cour,tervefght w e i g h t  

5y mmis gf moderate heating. A s  of the  present ,  the degree to which t h i s  rcay be 

a pm5leo: remains Llncertain. 

I n  t h i s  way it  i s  hoped 

The final c;uestion concerns the magrlitude oT the  adhesive forces. 

ii previous sectlor, t h e  ewdlable c:zp:rixctnl evidence lnd ica tes  t ha t  forces 

signlficantky greater thar. 30 aicrQgraus can he expected. 

the adhesion neasuring apparatus as it s t z ~ d s  nov has suff ic ient  sensitivity. 

Iiowever, i f  t h i s  is not t r u e ,  o r  mre parkic*&ar~v not true i n  all cases, increased 

sens i t i v i ty  will be required. 

reduce the  bucket w e i g h t .  

be detemined uytil a l l  cocditisrs p u r s - m t  t o  a v a l i d  attempt t o  measure the 

adhesion a:? met. 

As was noted i:: 

If this is %rue then 

The most feasible method fo r  achlevlng this is t o  

krtlether (;r n9t modifLcations w i l l  be necessary cannot 
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8.0 SUMMARY 

Work during th is  quarter b o  consisted of sssembllng t h e  vacuum eystear, con6truct- 

in& the expezdmental apparatus, stpd preparing the in i t ia l  silicate samples. The 

main problm encountered wa6 the inability to obtain the  desired VM~UIP due t o  

flange warpage. It 10 expected that this probles vill be resolved ehortlp. 

loot all of the axporlmental dif i icult les  have been resolred as pet. kwcver, it 

l a  expected, unless ~mforescen difficultlee arise, to be able to proceed with the 

ma8wCIltb shortly. I 
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